We studied karyological and morphological variability of the only representative of the genus Petrosimonia (Amaranthaceae) in Bulgaria and evaluated the current state of its populations in the country. The results indicated that Bulgarian populations of Petrosimonia brachiata have a diploid chromosome number of 2n = 16. In the population from the Pomorie Lake, the karyotype consists of six pairs of metacentric and two pairs of sub-metacentric chromosomes. In the population from the Atanasovsko Lake, satellites were observed on one pair of sub-metacentric chromosomes. Statistical analysis demonstrated that the main source of phenotype variation in the species is within the populations. Vegetative traits are more variable than generative ones. No significant variability was found in the studied quantitative characteristics or pollen morphology. Given the biological type of the species (annual) and its limited distribution in Bulgaria, the status of the two populations of P. brachiata cannot be regarded as stable, and the danger of a potential threat to them in the future is a possibility not to be excluded.
INTRODUCTION
Halophytes exhibit special morphological and physiological adaptations to survive in saline ecosystems (Wucherer et al. 2005; Flowers & Colmer 2008) . Interest in halophytic plants has grown during recent years. Many publications can be found in the literature that deal with using halophytes as helpful tools for rehabilitation of degraded lands and soil protection (Qadir & Oster 2004; Wucherer et al. 2005) , as a potential resource for developing bio-energy (Abideen et al. 2011) , as a viable alternative to transgenic technologies for development of tolerance (Sardo & Hamdy 2005) , and as agents for capturing and long-term sequestering of atmospheric CO 2 (Glenn et al. 1993) .
The typical annual halophytes that occur in Bulgaria dwell in periodically flooded muddy and sandy places on the periphery of the hyperhaline and more rarely brackish marshes along the coast of the Black Sea (Tzonev et al. 2008; Tzonev & Gussev 2011) . They have limited distribution and the latest expert appraisals define them as endangered. There are some very rare and protected plants in the communities of annual halophytes living in coastal salt marshes by the Black Sea, among which are representatives of the genera Petrosimonia, Hamilione, etc.
The genus Petrosimonia Bunge [Amaranthaceae sensu APG IV (2016) ] includes between 11 and 15 species, distributed in South-East Europe, as well as in Central and South-West Asia (Zhu et al. 2003; Berberoglu et al. 2004; Atamov et al. 2006; Toderich et al. 2009; Uotila 2011; Krasnova et al. 2013; Ibrahim 2014) . In the Bulgarian flora, this genus is represented by a single species -Petrosimonia brachiatа Bunge (Yordanov & Kuzmanov 1966; Assyov & Petrova 2012) . It is protected by the Biological Diversity Act (2002) , and is included in the Red Book of the Republic of Bulgaria (Stoeva 2011) in the category "critically endangered". This species belongs to the group of leaf-succulent eu-halophytes (Wucherer et al. 2005) and forms populations on saline sands and clay, on dikes of salt-pans and on the seashore and in open halophytic herbaceous communities (Stoeva 2011 ). The species has very limited distribution in Bulgaria: so far, only two populations have been located, in the southern part of Bulgaria´s Black Sea coast, viz., the -Atanasovsko Lake and the Pomorie Lake (Grozeva 2004; Stoeva 2011) . Chorological data on P. brachiata can be found in some publications about halophytic plants in Bulgaria and about the flora and plants of the Burgas wetlands (Kochev et al. 1971; Grozeva 2004 Grozeva , 2005 Grozeva et al. 2004; Stoyanov 2010) . The relationship between soil salinity and the distribution of P. brachiata on territory of the Pomorie and Atanasovsko Lakes was assessed in a previous study (Todorova et al. 2014) . Currently, both populations are within protected territories, but they have never been the subject of a comprehensive study.
The purpose of the present study was to investigate the intrapopulation and interpopulation karyological and morphological variability of P. brachiata in Bulgaria, evaluate the area occupied by its populations and estimate the number of specimens in them.
MATERIALS AND METHODS
Morphological and karyological analyses were carried out on both populations known to exist in Bulgaria -near the Atanasovsko Lake and the Pomorie Lake (Table 1) .
The Atanasovsko and Pomorie Lakes are a part of the most significant complex of wetlands along the Black Sea coast of Bulgaria -the Burgas wetlands. A hyper-saline lake near the coastline, the Atanasovsko Lake is divided into two parts by the Burgas -Varna road. Both parts of it have been salt-pans since 1906. The Pomorie Lake is a natural hyper-saline lagoon separated from the Black Sea by a sand bar. Since 2001 it has been declared a Protected Site. The climate in the studied area is continental-Mediterranean. The absolute maximum temperature exceeds 40°C, while the absolute minimum is -20.3°C (Tsenkova -Bratoeva et al. 2010) . The annual average air temperature is 12.3°C, while in January it is 2°C and in August 22°C. The average precipitation is between 520 and 580 mm. The highest values are reached in June and November, the lowest in August and September.
A karyological analysis (determination of the number and morphology of chromosomes) was done on metaphase plates obtained from root tips of seeds germinating under laboratory conditions in Petri dishes. Seeds were collected in the natural habitat of the species. Roots were treated and squashed according to Grozeva (2007) . The chromosome type was determined using the centromere index I = s/s+l according to the classification proposed by Grif & Agapova (1986) . Five metaphase plates were measured for each population. Intrachromosomal and interchromosomal karyotype asymmetries were estimated with the coefficient of variation of chromosome length (CV cl ) according to Paszko (2006) and the mean centromeric asymmetry (M ca ) proposed by Peruzzi & Eroğlu (2013) . The voucher specimens are deposited in the herbarium of the Institute for Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences (SOM).
The performed morphological analysis took into account 15 quantitative characters reported in 30 specimens of each population: 1. stem height (mm); 2. basal leaf length (mm); 3. basal leaf width (mm); 4. basal leaf length/width ratio; 5. upper leaf lamina length (mm); 6. upper leaf lamina width (mm); 7. upper leaf lamina length/width ratio; 8. bracteole length (mm); 9. bracteole width (mm); 10. bracteole length/width ratio; 11. flower diameter (mm); 12. flower petiole length (mm); 13. seed length (mm); 14. seed width (mm); and 15. seed length/ width ratio.
Plant height was recorded on site, the other traits on collected herbarium parts.
The morphological data were processed using the Statistica 7 program. The population means and coefficients of variation (CV%) were estimated for each character of each population. Their values were used in comparing various characters within and between the populations. The relative contribution of intra-and interpopulation variation to the overall variation of each studied quantitative character of the two studied population was evaluated by one-way ANOVA.
The following qualitative traits were also recorded: shape, colour and indumentum of stem, bracteoles and perianth segments; colour and indumentum of leaf lamina; degree of perianth connation; anther shape; pericarp colour; and seed shape and colour.
Scanning electron microscopy was used for a more detailed study of pollen morphology and the qualitative traits. Studies were conducted on dry plant parts. Observations were performed and documentation obtained with a JEOL JSM-5500 scanning electron microscope in a laboratory of the Faculty of Chemistry and Pharmacy of St. Kliment Ohridski University in Sofia (the University of Sofia). At least 15 pollen grains from each population were studied. Specimens were prepared according to the technique for observation of air-dried pollen. Anthers were isolated, put into petri dishes and kept at room temperature for 48 h. The pollen was sprinkled on microscope slides and dried at room temperature. Materials prepared for observation were coated with gold for 90 seconds in an argon-ionising sphere. The fastening of the contact holder was made with a silver paste. The pollen terminology used is according to Erdtman (1986) and Perveen & Qaiser (2012) . The data of scanning electron microscopic measurements are presented in generalised form for the species due to the absence of significant variability within and between populations. Table 2 . Karyomorphometric data for the studied populations of Petrosimonia brachiata. Chromosome size variation (μm) -short arm (S) and long arm (L); total sum of haploid chromosome length (Hcl, μm).
RESULTS

Karyology.
A chromosome number of 2n = 16 showing eight pairs of homologous chromosomes was found in the two studied populations of P. brachiata (Fig. 1) . The average length of chromosomes in the studied populations ranged from 1.99 μm in the population of the Pomorie Lake to 2.06 μm for that of the Atanasovsko Lake ( Table 2 ). The longest of chromosome pairs is 2.69 μm long, the shortest 1.64 μm long. The population of the Pomorie Lake shows a karyotype with six pairs of metacentric chromosomes and two pairs of sub-metacentric chromosomes, i.e., 2n = 2x = 12m + 4sm. Values of the interchromosomal and intrachromosomal karyotype asymmetry indices were 4.23 and 1.42 for CV cl and M ca , respectively.
The karyotype of the Atanasovsko Lake´s population differs from that of the Pomorie Lake´s population in the presence of satellites on one of the pairs of sub-metacentric chromosomes: 2n = 2x = 12m + 2sm + 2sm
sat . Analysis of the interchromosomal and intrachromosomal karyotype asymmetry indices showed values of 5.43 for CV cl and 2.38 for M ca .
Morphology. Data on the studied quantitative traits are presented in Table 3 . Intrapopulation variability in both of the studied populations was established on the basis of the coefficient of variation. Values of the coefficient of variation were different in regard to individual traits of each population, vegetative traits being always more variable than generative ones. Statistically significant differences between the two studied populations were found for 10 parameters: plant height; basal leaf length and length/width ratio; upper leaf length and width; bracteole length and length/width ratio; flower petiole length; and seed width and length/width ratio. No statistically significant difference was found for the following parameters: basal leaf width; upper leaf length/ width ratio; bracteole width; flower diameter; and seed length.
The results obtained from ANOVA showed that intrapopulation variability is dominant (Table 3) . 
Para meter
Populations and population variation
Atanasovsko Lake CV Pomorie Lake CV SSw% The stems of all studied specimens were slightly ribbed, light-green, grey-green to reddish at the beginning of vegetation and red during flowering and fruiting, densely pubescent with long, semiappressed hairs ( Fig. 2A) . The leaf lamina of the lower and upper stem leaves were linear, rarely linear-elliptical, with a sharply pointed tip, entire edge and visible middle vein, greygreen, sessile, hairy with densely pubescent with long, semiappressed hairs (Fig. 2B-C) .
In all studied specimens, bracteoles were narrowly lanceolate, boat-shaped and narrow at the top, pointed and tightly engaging the perianth segments and always longer than them, grey-green, juicy, densely pubescent with long, semiappressed hairs ( Figure 2D ). Perianth segments were five , narrowly lanceolate, pointed, fused at the base, grey-green, densely pubescent with long, semiappressed hairs (Fig. 2D) . During flowering, perianth segments were more or less juicy, in early fruiting they acquire a cartilaginous texture and at the end of the phenophase (probably under pressure of the growing fruit) they split into thin lengthwise strips and are separated. The pistil had a prolonged egg-shaped ovary, short style and two thin stigmas. Stamens were five, fused on an obscure disc, almost equal in length with the bracteoles. Anthers had a short appendage on the apex (Fig.  2E) . Length of the appendage was 0.2-0.3 mm and it was attached by lateral margins, making the joined anthers umbrella-shaped.
Among members of the two studied populations, no significant variability of pollen morphology was established. The pollen of P. brachiata was spheroidal, pantoporate, 17.7-20.8 μm in diameter (Fig. 2F) . Exine ornamentation was densely scabrate. Pores were circular, 0.8-1.2 μm in diameter, the pore plate sunken, with scabrae.
The pericarp was yellowish, translucent, non-hairy, with a layered structure and highly folded surface, not fused with the seed coat (Fig. 2G ). Seeds were vertical, oval, flattened. The seed coat (testa) was dark grey to black, clearly streaked in the form of highly elongated stitches along the edge and peripheral parts on both sides of the seed and less so in the central ones (Fig. 2H) .
Status of the studied populations. In three-year field studies of the two P. brachiata populations, reductions in their area or in the number of their specimens were not registered (Table 1) . Factors with an adverse effect were not been found during the present study. Invasive and competing plant species were not observed. Anthropogenic impact was limited.
DISCUSSION
The nature of pollen grains and karyotype morphology are important bases in the task of clarifying relationships and they are considered to be of significant value in observing the effects of environmental and climatic factors on plants (Malih 2017) . The chromosome number of 2n = 16 counted in the Bulgarian populations of P. brachiata corresponds to the data reported by Lomonosova (2005) for the population from Russia (Republic of Kalmytia, Manych Valley, Great Almaty Lake). Our results indicating a basic chromosome number of x = 8 correspond with those of Doulatyari et al. (2009) and Ghaffari et al. (2015) for the genus Petrosimonia. Karyotype asymmetry is a well-known parameter in karyological studies (Eroğlu 2015) . According to the M ca and CV cl . values, the karyotype of the population from the Pomorie Lake is slightly more asymmetrical than that from the Atanasovsko Lake. General characteristics of the pollen (pollen and pore diameter, exine ornamentation) of the two P. brachiata populations exhibited the features specified by Perveen & Qaiser (2012) as the Atriplex stocksii-type. The data pertaining to exine ornamentation were in line with those provided by Mosyakin & Tsymbalyuk (2006) for the genus Petrosimonia. The morphological results obtained for the analysed P. brachiata populations agree with data for other species of Amaranthaceae in the Bulgarian flora (Grozeva & Cvetanova 2008 , for which it was also established that vegetative traits are more variable than generative ones and that seed dimensions (i.e., length, width and the ratio between them) are among the more conservative traits. Stem height was one of the most variable traits in both populations and values for this trait were twice as high for plants from the Pomorie Lake, where P. brachiata is dominant in the community. Fairly great intrapopulation variability was also recorded for leaf lamina length and bracteole length, specimens from the Pomorie Lake compared with those from the Atanasovsko Lake having longer leaf laminas and bracteoles.
The main source of phenotype variation is intrapopulation variation. The probable cause of strong intrapopulation variability is the observed uneven distribution of soil moisture during vegetation, a factor which affects the development of specimens.
A possible cause of the obtained interpopulation differences with respect to 10 of the total of 15 quantitative characters included in the morphological analysis could lie in differences of soil salinisation at the growing sites, considering that P. brachiata is a halophyte. The level of soil salinity on territory of the Atanasovsko Lake was greater than soil salinisation on territory of the Pomorie Lake. The mean values of electrical conductivity for soil samples taken near the Atanasovsko Lake were twice as great as those for samples from the Pomorie Lake. The maximum value of EC = 42.6 mS/cm for samples from the Atanasovsko Lake area was much higher than that of the Pomorie Lake samples (with EC = 12.61 mS/cm). Soil from the Atanasovsko Lake was characterised by an alkaline reaction, with values of pH (H 2 O) between 8 and 9.2, as compared to samples from the Pomorie Lake, with values of pH (H 2 O) between 7.1 and 8.9, which represent a neutral to alkaline reaction of the samples (Todorova et al. 2014) . In support of this hypothesis is the fact that the number of specimens and size of the population of the Pomorie Lake are much greater compared to that of the Atanasovsko Lake (Table 1) . In the population of the Pomorie Lake, P. brachiata is dominant and soil conditions in the area of occurrence of this population probably are more favourable for it and have contributed to acceleration of vegetative growth. Another reason for the variability found could also lie in the identified karyotype differences (Fig. 1) . Despite the statistically proven differences in the reported values of 10 studied parameters, the recorded variation is within the range of species variation.
The populations of P. brachiata were within protected areas for which management plans have been implemented. They were included in the NATURA 2000 European ecological network. Despite the relatively constant population size and area over the three-year study, their condition cannot be considered as stable. For example, having in mind that the average number of seeds per plant was between 15 and 35, the size of each population was far from the theoretically possible value. According to our observations, the main reason for this is the fact that some of the seeds fail to reach the soil, being washed away by lake water and/or blown away by air currents to an environment inappropriate for their development. In addition, some seeds do not reach full maturity due to late development of the plants or prolonged drought in parts of the populations.
CONCLUSION
The diploid chromosome number established for the Bulgarian population of P. brachiata was 2n = 2x = 16. The karyotypes consist of metacentric and sub-metacentric chromosomes, the metacentric ones being prevalent. Pollen morphology showed a uniform type of characteristics -pantoporate, spheroidal, with a spinulose tectum. The karyotype and morphology of the pollen of Petrosimonia brachiata are herein reported for the first time for its Bulgarian populations. Relationships are established between the degree of intrapopulation morphological variability and the distribution of soil moisture, as well as between the degree of interpopulation variability and differences in karyotypes and environmental conditions, especially the soil reaction and soil salinity. Despite the conservation measures that have been taken to protect them, the status of the two populations of P. brachiata cannot be regarded as stable, and it is necessary to monitor the populations and react promptly in the event of an adverse effect. I straživana je kariološka i morfološka varijabilnost jedinog predstavnika roda Petrosimonia (Amaranthaceae) u Bugarskoj i ocenjeno je trenutno stanje populacija. Rezultati pokazuju da bugarske populacije Petrosimonia brachiata imaju diploidan broj hromozoma 2n = 16. U populaciji sa jezera Pomorje, kariotip se sastoji od 6 parova metacentričnih i 2 para submetacentričnih hromozoma, a u populaciji sa Atanasovskog jezera sateliti su uočeni na jednom paru submetacentričnih hromozoma. Statističke analize su ukazale na glavni izvor fenotipske varijabilnosti unutar populacija. Vegetativne osobine su varijabilnije od generativnih. Nije pronađena značajna varijabilnost istraživanih kvantitativnih karakteristika i morfologije polena. Status dve populacije P. brachiata, sudeći prema jednogodišnjosti i ograničenom rasprostranjenju u Bugarskoj, ne može se oceniti kao stabilan i potencijalna pretnja po njih u budućnosti nije isključena.
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